ABSTRACT Aim: This was the 12th population-based study to explore the epidemiology of cerebral palsy (CP) in western Sweden.
INTRODUCTION
Cerebral palsy (CP) causes a lifelong disability and affects about two per 1000 live-born children (1) . However, the overall prevalence appears to be decreasing according to several studies from around the world (2-5). Significant changes have taken place that affect subgroups at high risk for CP, with even more extremely preterm children surviving. This may change the demands on prenatal, perinatal and neonatal care and, subsequently, on medical and habilitation services. At the same time, preventive strategies have been researched and developed (6) (7) (8) (9) to address some of the many risk factors associated with CP (10) . For example, therapeutic hypothermia after asphyxia has been clinically available in western Sweden since 2007 and it may now be possible to identify any effects on the prevalence of CP.
The epidemiology of CP has been monitored for more than half a century in western Sweden, and the register currently comprises 2317 individuals with CP who were born from 1954 to 2010. The aim of this study, the 12th in this series, was to describe the prevalence and background of CP in children born from 2007 to 2010 in the study area.
PATIENTS AND METHODS
The study area comprised the counties of V€ astra G€ otaland, J€ onk€ oping and Halland, with a total population of 2.16 million inhabitants and slightly positive net migration. There were 104 713 live births recorded during the study period of 2007-2010: 373 at less than 28 completed weeks of gestation, 525 at 28-31 weeks, 5012 at 32-36 weeks and 98 803 at more than 36 weeks. Children with CP were included if they were born in Sweden and lived in the study Abbreviations CP, Cerebral palsy; CT, Computed tomography; HIE, Hypoxicischaemic encephalopathy; LGA, Large for gestational age; MRI, Magnetic resonance imaging; SD, Standard deviation; SGA, Small for gestational age.
Key notes
This was the 12th study to look at the prevalence of cerebral palsy (CP) in western Sweden, and during 2007-2010, it was 1.96 per 1000 live births. Cerebral palsy was attributed to perinatal events in fewer cases than reported in our previous studies, while the number of children with CP born extremely preterm had increased. White matter lesions were found in half of all children with CP.
area on 31 December 2014. All the children had a diagnosis of CP verified at four to eight years of age by a local neuropaediatrician. If there was any doubt about the diagnosis, a second diagnostic assessment was performed by the first author (KH). We also included children diagnosed with CP who had died after two years of age.
The definition of CP was used was agreed at an international consensus meeting in Bethesda (11) . The Swedish and internationally accepted classifications of CP syndromes were applied (12, 13) , in parallel with the classification suggested by the Surveillance of Cerebral Palsy in Europe (14) , where hemiplegia corresponds to unilateral spastic CP and diplegia and tetraplegia are combined to create bilateral spastic CP. Extremely preterm birth was defined as birth occurring at less than 28 completed gestational weeks, very preterm at 28-31 weeks, moderately preterm at 32-36 weeks and birth at term as more than 36 weeks, based primarily on early ultrasound. If this information was not available, menstrual data were used. Prenatal referred to the period of pregnancy until the onset of labour resulting in delivery, perinatal to the period from the onset of labour until the seventh day of life, neonatal to the period up to day 28 and postneonatal to the period from day 29 to two years of age. Maternal disorders were chronic disorders, pyelonephritis, acute severe illness during pregnancy or a fever of more than 38.5°C at delivery (15) . Infections during pregnancy were documented using the mother's antenatal and obstetric records. Small for gestational age (SGA) was defined as a birthweight for gestational age of -2SD or less, while large for gestational age (LGA) was defined as more than 2SD from the mean on a Swedish growth chart (16) .
The aetiological classification was based on given clinical criteria, combined with available neuroimaging information (13) . Obstetric, perinatal and neonatal data, as well as CP type, were derived from medical and habilitation records. The findings during computed tomography (CT) and magnetic resonance imaging (MRI) were classified into five categories: maldevelopment, white matter lesions, cortical/subcortical lesions, basal ganglia/thalamus lesions and other findings and normal (17, 18) . Intracerebral haemorrhage was graded according to Papile et al. (19) . Hypoxic-ischaemic encephalopathy (HIE) was considered in children born after at least 34 weeks of gestation in the presence of two or more of the following symptoms/signs: an Apgar score of less than five at five minutes, resuscitation/assisted ventilation and convulsions before day three (20) . The following risk factors associated with CP were recorded: a low Apgar score of less than five at five minutes, multiple births, a maternal disorder and SGA and LGA in the aetiologically unclassifiable group. The criteria of the American College of Obstetricians and Gynecologists (21) regarding intrapartum events severe enough to cause CP were applied to children born after at least 34 weeks of gestation.
Ethics
The study was approved by the Regional Ethical Review Board in G€ oteborg.
Statistical methods
The chi-square test was used for comparisons between the groups, and the Spearman rank coefficient was used for correlations. The level of significance was set at 0.05.
RESULTS
In the birth-year period 2007-2010, 205 children with CP were identified in the study area. The crude mean prevalence was 1.96 per 1000 live births, and it was 1.23 for children born at term and 0.73 for children born preterm. Seven children had an obvious postneonatal cause for their CP. They are excluded in the following analysis and reported separately from the 198 in the main study cohort. The crude prevalence is shown in Figure 1 . The average perinatal mortality rate during the same period was 3.98 per 1000 births, and the average neonatal mortality rate was 1.54 per 1000 live births.
Birth characteristics
Of 198 children, 22 (11%) were born extremely preterm, 24 (12%) very preterm, 30 moderately preterm (15%) and 122 (62%) at term. Among the extremely preterm children, 19 of 22 (71%) were born before 27 weeks of gestation (Fig. 2) . A birthweight of less than 1000 g was found in 20 children (10%), 17 (8%) had a birthweight of 1000-1499 g, 36 (18%) a birthweight of 1500-2499 g and 125 (63%) a birthweight of 2500 g or more. Multiple births resulted in 19 children with CP: 18 were twins from 17 pregnancies, and one was a triplet. In three cases, the other twin had died in utero, and in one case, spontaneous abortion of the twin occurred. Of the 19 children born after multiple pregnancies, five were born before 28 weeks, five at 28-31 weeks, five at 32-36 weeks and four were born at term.
Small for gestational age was found in 24 children (12%) and LGA in seven (3.5%). The mean standard deviation (SD) was À0.09 SD, and it was 0.06 SD for boys and À0.32 SD for girls.
Mean maternal age was 30.5 years compared with the average age of 30 years in the general population. This was the first child in 51% of cases, the second child in 29% and the third child or more in 20%. Care in a neonatal intensive care unit had been given to 136 children (69%), compared with about 10% of the general population.
There were 11 pregnancies as a result of in vitro fertilisation -eight singletons, two twins and one triplet pregnancyresulting in 11 children with CP (5.6%). This was compared with 5% in 2003-2006, 8% in 1999-2002 and 5% in 1995-1998 . The triplet pregnancy was the result of egg donation abroad. In this group, five children were born at term, four at 32-26 weeks, one at 30 weeks and one at 24 weeks.
Gender differences
Of the 198 children, 118 (60%) were boys and 80 were girls. The gender distribution was similar to that in the previous cohort in [2003] [2004] [2005] [2006] . In the current term group, 68 (56%) were boys and 54 were girls, and in the preterm group, 50 (66%) were boys and 26 girls.
Prevalence
The gestational age-specific prevalence for less than 28 gestational weeks was 59.0 per 1000 live births (22/373), 45.7 per 1000 for 28-31 weeks (24/525), 6.0 per 1000 for 32-36 weeks (30/5012) and 1.23 per 1000 for more than 36 weeks (122/98 803). The birthweight-specific prevalence was 73.0 per 1000 for a birthweight of less than 1000 g (20/274), 39.4 for a birthweight of 1000-1499 g (17/432), 10.0 per 1000 for a birthweight of 1500-2499 g (36/3600) and 1.2 per 1000 for a birthweight of 2500 g or more (125/100 407). The prevalence by gestational age is shown in Figure 3 . The prevalence of CP born before 28 weeks was 73.3 per 1000 neonatal survivors.
CP types
The prevalence by CP type is shown in Figure 4 . Hemiplegia or unilateral spastic CP accounted for 89 (44%) of the 198 children. Diplegia was found in 67 (34%) and tetraplegia in 13 (5%), together representing bilateral spastic CP. Of the 80 children with bilateral spastic CP, 42 were born preterm, including 16 who were extremely preterm. Dyskinetic CP was found in 24 children (12%) and five (3%) had ataxia. A statistically significant decrease in prevalence was seen in dyskinetic CP (p < 0.01), and tetraplegia (p < 0. 
Neuroimaging
Neuroimaging information was available for 192 individuals (97%), and in six cases, only ultrasound was carried out, CT was carried out in 41 and MRI in 174. Both CT and MRI were carried out in 30 children. The CT and MRI findings in 185 children are presented by CP type and gestational age group in Table 1 . Compared with previous cohorts, there was a significant increase in white matter lesions (chisquare = 5.66; p = 0.017). In children born before 34 weeks of gestation, periventricular white matter lesions were found in 81%, while cortical/subcortical lesions were found in 6%. In children born at term or near term, 14% had maldevelopment, 36% had white matter lesions, 19% had cortical/subcortical lesions and 15% had basal ganglia lesions. Normal findings were documented in 10%, compared with 10% in the previous cohort. Ultrasound was the only neuroimaging carried out on six children, and this revealed maldevelopment in one child, cerebral haemorrhage according to Papile grade 1 in two, grade 2 in one, grade 3 plus 4 in one child and normal findings in one child.
Aetiology
The distribution of assigned aetiological periods in the 198 children is shown in Table 2 . In 75 children (38%), including 58 born at term, the aetiological period was considered to be prenatal. Maldevelopment was found in 30% and white matter lesions in 36%.
In another 75 children (38%), a perinatal or neonatal aetiology was considered. In 35 of 38 children born at term, hypoxic-ischaemic encephalopathy, neonatal shock and, or, brain oedema had occurred. Of the 37 born preterm, nine had a posthaemorrhagic hydrocephalus.
In the group of children born after at least 34 weeks, 8 of 140 (6%) fulfilled the essential American College of Obstetricians and Gynecology criteria of an acute intrapartum hypoxic event severe enough to cause CP, but this was a nonsignificant decreasing trend (chi-square = 1.7). Of these children, four underwent controlled hypothermia treatment, six had dyskinetic CP and two had diplegia. Another two children fulfilled the criteria, except for the type of CP, and they both had unilateral clinical symptoms and basal ganglia pattern on MRI. Of the 13 children who were considered to have sustained HIE, seven had a pH below 7.0, another four below 7.1, pH was missing in one due to circumstances during resuscitation, while the pH was over 7.1 in one child.
Unclassifiable cases
In 48 of 198 children (24%), 26 of whom were born at term, an aetiological period could not be determined using the given criteria. This group is presented in Table 3 . In 17 preterm children with periventricular white matter lesions, it was not possible to determine whether the lesions had Items higher on the list took precedence over those lower on the list, with the exception of peri/neonatal intracerebral haemorrhage/infarction, neonatal shock and brain oedema.
occurred in the prenatal, perinatal or neonatal period, although the lesion explained the background of CP. In 14 cases, there were normal findings on neuroimaging.
Children born SGA There was a significant increase in children born SGA, from 3.6 to 12% (chi-square = 9.77; p = 0.0018). Children born SGA, including 13 who were preterm (54%), were delivered by emergency Caesarean section in 79% of cases. Of the children who were SGA, 10 had hemiplegia, 11 had diplegia and two had tetraplegia. The most common MRI finding in the SGA group was white matter lesions. In 10 children, the origin of CP was considered prenatal, and in eight, it was perinatal or neonatal, while six children had CP with an unknown origin.
Postneonatal cases
Of the seven children with a postneonatal aetiology, one child had hemiplegia after a CNS infection. Trauma was the cause of CP in one child with ataxia, one with dyskinetic CP and one with hemiplegia. Cerebral infarctions in connection with severe septicaemia, or critical haematological diseases, resulted in one child with dyskinetic CP and two with hemiplegia.
DISCUSSION
The prevalence of CP has been studied in western Sweden for more than 50 years, and this is the 12th study to be published in this series since the 1975 study that covered [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] . In the present report, the prevalence showed a nonsignificant decreasing trend, in agreement with other studies (2) (3) (4) (5) . A decreasing trend was seen in all CP types, including hemiplegia, which up to this point had shown a rising trend. The proportion of term or near-term children judged to have CP due to an acute intrapartum hypoxic event showed a decreasing trend, from 10% in children born 2003-2006 to 6% in 2007-2010 . Whether this decrease can be attributed to the introduction of therapeutic hypothermia in 2007 (9) remains to be seen in future cohorts. Promising results with less severe outcomes from a clinical cohort have been reported by Jary et al. (22) . Other possible explanations are changes in obstetric care to increase the safety during delivery during the time period covered by this study (23) . The previous report from the birth years 2003-2006 showed an increasing proportion of children born before 26 weeks in the extremely preterm category. The proportion did not increase further in 2007-2010, but the absolute number of children with CP born before 28 weeks is still increasing. However, this reflects an increased survival in these gestational age groups not an increased prevalence. The risk for CP was reported to be 9.5% for children born before 27 weeks in another Swedish study (6) , and this agreed with our data.
An increase in children born SGA was noted, from 3.6% in the previous cohort (1) to 12% in the present study. These children were distributed throughout the gestational age groups, and most had mild spastic CP and white matter brain lesions. SGA has been considered a risk factor for CP in both preterm and term-born children, but can also be regarded as the result of other risk factors with the same outcome, such as maldevelopment and intrauterine infections (24) . Not surprising, there was no evident common causal pathway in this group.
The neuroimaging results in this cohort showed a larger proportion of white matter lesions than before, totalling half of the group, and the majority were born preterm. A decrease in cortical and subcortical lesions was seen, while the contribution of maldevelopment and basal ganglia lesions was stable, representing disturbances early and late in gestation, respectively (17, 18) .
CONCLUSION
The overall prevalence of CP in western Sweden showed a nonsignificant decreasing trend in 2007-2010, mostly due to a decrease in CP at term. There was also a decrease in dyskinetic CP, which is usually associated with term or near-term births, and in tetraplegia. Neuroimaging findings suggested late second-and early third-trimester lesions in half of the cases in our study. statistics. We would also like to thank our colleagues at the paediatric and habilitation departments in the study area.
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